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ORIGINAL ARTICLE 

Adiposity, gut microbiota and faecal short chain fatty acids are 
linked in adult humans 

J Fernandes 1 ' 3 , W Su 1 ' 3 , S Rahat-Rozenbloom 1 , TMS Wolever 1 ' 2 and EM Comelli 1 

BACKGROUND/OBJECTIVES: High dietary fibre intakes may protect against obesity by influencing colonic fermentation and the 
colonic microbiota. Though, recent studies suggest that increased colonic fermentation contributes to adiposity. Diet influences the 
composition of the gut microbiota. Previous research has not evaluated dietary intakes, body mass index (BMI), faecal microbiota 
and short chain fatty acid (SCFA) in the same cohort. Our objectives were to compare dietary intakes, faecal SCFA concentrations 
and gut microbial profiles in healthy lean (LN, BMI < 25) and overweight or obese (OWOB, BMI > 25) participants. 
DESIGN: We collected demographic information, 3-day diet records, physical activity questionnaires and breath and faecal samples 
from 94 participants of whom 52 were LN and 42 OWOB. 

RESULTS: Dietary intakes and physical activity levels did not differ significantly between groups. OWOB participants had higher 
faecal acetate (P= 0.05), propionate (P= 0.03), butyrate (P = 0.05), valerate (P= 0.03) and total short chain fatty acid (SCFA; P= 0.02) 
concentrations than LN. No significant differences in Firmicutes to Bacteroides/Prevotella (F:B) ratio was observed between groups. 
However, in the entire cohort, Bacteroides/Prevotella counts were negatively correlated with faecal total SCFA (r= — 0.32, P= 0.002) 
and F:B ratio was positively correlated with faecal total SCFA (r = 0.42, P<0.0001). Principal component analysis identified distinct 
gut microbiota and SCFA-F:B ratio components, which together accounted for 59% of the variation. F:B ratio loaded with the SCFA 
and not with the microbiota suggesting that SCFA and F:B ratio vary together and may be interrelated. 

CONCLUSIONS: The results support the hypothesis that colonic fermentation patterns may be altered, leading to different faecal 
SCFA concentrations in OWOB compared with LN humans. More in-depth studies looking at the metabolic fate of SCFA produced in 
LN and OWOB participants are needed in order to determine the role of SCFA in obesity. 
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INTRODUCTION 

Colonic fermentation is a complex process that occurs through the 
interactions of many microbial species and involves the anaerobic 
breakdown of dietary fibre, protein and peptides. 13 The principal 
end products of colonic fermentation are the SCFA, acetate, 
propionate and butyrate, the gases hydrogen, carbon dioxide and 
methane 4 6 and energy, which is used by the microbiota for 
growth and maintenance of cellular functions. 7 Small amounts of 
branched chain fatty acids (iso-butyrate, valerate and iso-valerate) 
are also formed from protein and amino acid degradation. The 
amount and type of dietary fibre are among the major 
determinants of gut microbial composition and SCFA production 
patterns. 8 In humans, the SCFA produced account for 5-10% of 
total dietary energy. 9 

High intakes of dietary fibre are associated with a reduced risk 
of obesity. 1012 One of the many mechanisms by which the fibre 
may protect against obesity is via the SCFA-mediated modulation 
of the secretion of gut hormones involved in the regulation of 
food intake and energy balance. 13,14 However, recent work has 
suggested a causative role for the gut microbiota in obesity. 
Studies in animal models have shown that the obese microbiota 
differs from the lean microbiota 15 and may produce more SCFA 
and, hence, extract more energy from a given diet than the lean 
microbiota. 16 The same group also found that the relative 



proportion of Bacteroidetes was lower and Firmicutes was 
higher in obese than lean individuals; 17 however, this has not 
been observed consistently in other studies. 18 20 Recent studies 
have also shown that faecal SCFA concentrations were 
significantly higher in obese than lean participants. 18-21 It is not 
known if habitual dietary intakes, microbial profiles and faecal 
SCFA concentrations are interrelated. 

Therefore, the objectives of this cross-sectional study were to 
compare dietary intakes, faecal SCFA concentrations, gut microbial 
profiles and physical activity levels in healthy lean (LN; body mass 
index (BMI) < 25) versus overweight and obese (OWOB; BMI > 25) 
participants. We hypothesised that LN and OWOB participants 
may have different dietary intakes and microbial profiles that may 
result in altered colonic fermentation patterns leading to different 
faecal SCFA concentrations. 



MATERIALS AND METHODS 

One hundred and two participants were recruited via advertisements 
posted around the University of Toronto campus and from a pool of 
participants previously involved in studies by our group. Ninety-four male 
or non-pregnant, non-lactating females over the age of 17 years 
completed the study. Participants were excluded for any of the following 
reasons: regular use of antibiotics (^1 course per year over the last 
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5 years), any use of antibiotics, laxatives or other drugs known to influence 
gastrointestinal function in the 3 months before the study, presence of 
inflammatory bowel disease, malabsorption, gastrointestinal infection, 
short bowel or other conditions affecting gastrointestinal function or any 
recent (3 months before the study) illness or surgery requiring 
hospitalization. Participants were also excluded if they failed to provide a 
faecal sample within the study period. Participants in this study have been 
previously studied to examine the relationship between faecal Archaea, 
BMI, SCFA and fibre intake. 22 This study was approved by the Research 
Ethics Board, University of Toronto. Written informed consent was 
obtained from all participants. 

Participants were studied over two separate visits to the laboratory. At 
the first visit, they filled out questionnaires related to demographics, 
medical history, drug use and physical activity. Subject's height and weight 
was measured and two breath samples were collected. Participants were 
given instructions on how to record their dietary intake and asked to keep 
a 3-day diet record, including one weekend day. Participants were also 
given a faecal collection kit, which consisted of the Fisherbrand commode 
specimen collection system (Fisher Scientific, Ottawa, ON, Canada), plastic 
bags and a styrofoam box containing dry ice. On the third day of the diet 
record or the day after, participants collected a faecal sample. The plastic 
bag containing the faecal sample was immediately placed on dry ice, 
brought to the lab within 24 h of being collected and then stored at 
— 20 T. At the second visit, participants returned the faecal sample and 
the dietary record and provided two more breath samples. 

Breath samples were collected using the Easy Sampler with tube holder 
(Quintron Instrument Company, Milwaukee, Wl, USA). Methane and 
hydrogen were measured by gas chromatography (Quintron Microlyzer, 
Model SC) in breath samples and simultaneously obtained room air. The 
concentrations reported were corrected by subtracting the hydrogen and 
methane of room air. 

The faecal sample was weighed and homogenized in a 400 series 
masticator (IUL Instruments, S.A., Barcelona, Spain) for 1 min. Aliquots of 
faeces were then transferred to individual vials for determination of pH, 
SCFA and DNA extraction. Faecal pH was measured using a FE20 pH metre 
with a MT InLab Solids Pro electrode (Mettler-Toledo, Columbus, OH, USA). 
Faecal SCFA were analysed by gas chromatography as previously 
described. 22 

Faecal bacteria were enumerated in triplicate by quantitative real-time 
PCR using 50 ng of DNA as previously described. 23 Primers and probes 
for Bacteroides/Prevotella (Bacteroidetes) 24 Clostridium coccoides group, 
Clostridium leptum group, bifidobacteria, Escherichia coli and total bacteria 
were as in Furet ef a/. 25 Enumeration of Archaea has been previously 
descri bed. 22 The F:B ratio was calculated by dividing the sum of 
C. coccoides and C. leptum cells by the number of Bacteroidetes cells. 

Intake of nutrients was calculated from the 3-day diet records using ESHA 
Research's Food Processor SQL, Version 10.9.0 (Salem, OR, USA). Dietary 
intakes are reported for 93 participants as one diet record was misplaced. 

Physical activity levels were assessed using the Modifiable Activity 
Questionnaire 26 The total weekly physical activity was estimated by 
multiplying the intensity of each activity (defined in metabolic equivalents 
(MET)) by duration. The product for each activity was summed to give a 
total activity score in MET hours per week. MET levels were obtained from a 
compendium of physical activities and include moderate-intensity 
activities between three and six METs and vigorous-intensity activities 
greater than six METs. 27 ' 28 

Statistical analyses were carried out with IBM SPSS Statistics Version 21 
(Armonk, NY, USA). Statistical analysis of the independent variables was 
done using the Student's f-test (two-tailed) for unpaired data. The / 2 -test 
was calculated using a computer spreadsheet (Microsoft Office Excel 2007, 
Microsoft Corp, Seattle, WA, USA). Pearson's correlations were used to test 
associations between variables with normal distributions, for nonnormally 
distributed data Spearman's rank test was used. Differences with 
P-values^0.05 (two-tailed) were considered to be statistically significant. 
The results are expressed as means ± s.e.m. 

A principal component analysis (PCA; IBM SPSS Statistics Version 21) was 
carried out in order to determine whether distinct patterns could be 
discerned from the data. The number of factors to be extracted was based 
on scree plot analysis, Kaiser-Meyer-Olkin measure of sampling adequacy 
(>0.6), communalities (for variable included in the analysis were >0.5), 
eigenvalues (factors with eigenvalues >1 were retained) and proportion of 
common variance explained (>10%). Variables with a complex structure 
(more than one loading) were excluded. Varimax (orthogonal) rotation was 
used to obtain a set of independent interpretable factors. The resulting 
factor pattern was interpreted using factor loadings of >0.4. These 



analyses were carried out with all participants pooled. Archaea 16 S rRNA 
gene copies and breath methane data were not included in the PCA 
analysis as they have been previously studied 22 



RESULTS 

Participants were divided into two groups based on BMI; those 
with a BMI < 25 were placed in the lean (LN, n = 52 or 55.3% of all 
participants) group and those with a BMI > 25 were placed in the 
overweight and obese group (OWOB, n = 37 or 44.7% of all 
participants) (Table 1). Although the age range for LN, 18-67 years, 
was similar to that for OWOB, 21-60 years, OWOB participants 
were significantly older than LN (P = 0.03, Table 1). Study 
participants were largely Caucasian (52%) and Asian (38%); there 
was no significant difference in the sex or ethnic makeup of the 
LN and OWOB groups (Table 1). Breath methane was significantly 
higher in LN compared with OWOB participants, no significant 
differences in breath hydrogen were observed and physical 
activity levels were similar between the two groups (Table 1). 

Individual faecal SCFA concentrations were not significantly 
different between the LN and OWOB groups but faecal total SCFA 
was significantly higher in OWOB compared with LN participants 
(P= 0.05). As the OWOB participants were significantly older, SCFA 
concentrations were adjusted for age. After age adjustment, the 
OWOB group had significantly higher acetate (P=0.05), propio- 
nate (P = 0.03), butyrate (P=0.05), valerate (P=0.03) and total 
SCFA concentrations (P=0.02) than the lean group (Table 1). 

Microbial profile of the LN and OWOB participants was not 
different except that the LN participants had higher numbers of 
Escherichia coli compared with OWOB (P = 0.005, Table 2). The 
ratio of Firmicutes to Bacteroidetes was not significantly different 
between the groups (Table 2). Five participants (two LN & three 
OWOB) had F:B ratios less than 1, which resulted in the log F:B 
ratio being negative in these participants. No significant 
differences in the proportion of participants in the LN and OWOB 
group who were Archaea positive was observed (34.6 vs 45.2%, 
Z 2 = 0.29). 

When the groups were combined, BMI was inversely related to 
the number of Bacteroidetes (r= —0.21, P=0.04; Figure 1) and 
£ coli (r= -0.34, P = 0.002) but no association with log F:B ratio 
was observed (Figure 1). One male had a BMI that was >4s.d. 
above the mean for all subjects, and his results were excluded. In 
the entire cohort, significant negative correlations between 



Table 1. Subject characteristics, physical activity levels, breath gas 
concentrations, faecal pH and SCFA concentrations in LN and OWOB 
participants 3 





LN 


OWOB 


P-value 




(n=52) 


(n = 42) 




Age, years 


32.0 ± 1.8 


37.9 ± 2.0 


0.03 


Gender, male:female 


22:30 


21:21 


0.46 


Ethnicity, A:C:B:H% 


44:50:2:4 


31:55:12:2 


0.18 


BMI, kgm" 2 


21.8 ±0.3 


30.3 ± 0.7 




Physical activity, MET hours per week 


13.7 ±2.5 


13.6 ±3.2 


0.97 


Breath hydrogen, p.p.m. 


6.0 ± 1 .2 


6.3 ±1.0 


0.65 b 


Breath methane, p.p.m. 


10.8 ±3.3 


4.4 ± 1 .7 


0.01 b 


Faecal pH 


6.6 ± 0.1 


6.6 ±0.1 


0.27 


AC, mmol kg ~ 1 wet weight 


41 .4 ± 2.6 


48.0 ± 2.3 


0.05 b 


PR, mmol kg ~ 1 wet weight 


15.1 ±1.1 


1 7.6 ± 1 .2 


0.03 b 


Iso-BU, mmol kg ~ 1 wet weight 


2.2 ± 0.2 


2.3 ± 0.3 


0.1 9 b 


BU, mmol kg ~ 1 wet weight 


14.0 ± 1.3 


16.1 ±1.0 


0.05 b 


Iso-VA, mmol kg _1 wet weight 


2.9 ± 0.2 


3.0 ± 0.4 


0.29 b 


VA, mmol kg ~ 1 wet weight 


2.0 ± 0.2 


2.5 ± 0.3 


0.03 b 


Total SCFA, mmol kg ~ 1 wet weight 


77.6 ± 4.5 


89.7 ± 4.2 


0.02 b 



Abbreviations: A, Asian; AC, acetate; B, Black; BMI, body mass index; BU, 
butyrate; C, Caucasian; H, Hispanic; LN, lean; MET, metabolic equivalents; 
OWOB, overweight/obese; PR, propionate; SCFA, short chain fatty acids; VA, 
valerate. a Values are means ± s.e.m. b Age-adjusted P-values. 
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Table 2. Faecal microbiota composition 
participants 3 


in LIN and uvvud 






LN (n = 52) 


OWOB (n = 42) 


P-value 


Firmicutes 








Clostridium coccoides 


9.2 ± 0.1 


9.2 ±0.1 


0.69 


Clostridium leptum 


9.6 ± 0.1 


9.5 ± 0.1 


0.26 


Bacteroidetes 








Bacteroides/Prevotella 


8.610.1 


8.2 ± 0.2 


0.07 


Actinobacteria 








Bifidobacterium 


8.7 ± 0.2 


8.9 ± 0.2 


0.28 


Escherichia coli 


6.6 ± 0.2 


5.9 ±0.2 


0.005 


Archaea 


8.8 ± 0.2 


8.9 ±0.1 


0.89 


All bacteria 


10.6 ±0.1 


10.5 ±0.1 


0.12 


Log F:B ratio 


1.20 ±0.10 


1.53 ±0.16 


0.08 


Abbreviations: LN, lean; OWOB, overweight/obese. Archaea are expressed 
as mean log, 0 16S rRNA gene copies/g wet weight + s.e.m. "Bacterial data 
are expressed as mean log 10 cellsg -1 wet weight + s.e.m. 
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Figure 1. Relationship between BMI and Bacteroidetes and log F:B 
ratio in the entire cohort. Open circle shows excluded value. 

Bacteroidetes and acetate, propionate, butyrate and total SCFA 
(TSCFA) concentrations were observed (Figure 2) and the ratio of 
Firmicutes to Bacteroidetes was positively correlated with acetate, 
propionate, butyrate and TSCFA concentrations (Figure 2). 
Faecal pH was negatively correlated with acetate [r= — 0.51, 
P<0.0001), propionate (r= -0.44, P<0.0001), butyrate 
(r= -0.58, P<0.0001) and TSCFA (r= -0.56, P<0.0001). 

The groups were well matched for mean nutrient intakes and 
no significant differences were observed between LN and OWOB 
for daily macronutrient (Table 3) and micronutrient intakes 
(Supplementary Table 1). Significant negative correlations were 
observed between total dietary fibre (TDF) per lOOOkcals and 
SCFA concentrations in the LN group; acetate [r= — 0.28, 
P = 0.05), propionate (r= -0.35, P=0.01), butyrate {r= -0.36, 
P = 0.01) and TSCFA (r= -0.36, P = 0.01), but these correlations 



were not significant in OWOB group. Similar negative correlations 
between TDF per lOOOkcals and SCFA concentrations were seen 
when the groups were combined; propionate [r= — 0.24, 
P=0.02), butyrate (r= -0.27, P=0.01), TSCFA (/•= -0.27, 
P<0.01) and AC:PR ratio (r=0.22, P = 0.03). Intake of polyunsa- 
turated fatty acid (PUFA) was significantly negatively correlated 
with Bacteroidetes {r= -0.21, P = 0.05), all bacteria (r= -0.22, 
P=0.04) and Firmicutes (r=-0.25, P = 0.02; Supplementary 
Table 2). 

Table 4 displays the results of PCA of the various variables in the 
entire cohort. PCA is a variable reduction technique. It reduces a 
large set of variables into a smaller set of variables, called 
'principal components', which account for most of the variance in 
the original variables. In this study, a three-factor solution, which 
was supported by the retention criteria described in the methods 
section, explained 76.2% of the total variance (Table 4). These 
factors were interpreted as (1) a 'gut microbiota' factor, which 
explained 31.2% of the variation, with positive loadings of 
Firmicutes, sum of quantified bacteria, C. leptum, all bacteria and 
C. coccoides; (2) a 'SCFA-F:B ratio' factor, which explained 27.6% of 
the variation, with positive loadings of TSCFA, acetate, butyrate, 
propionate and F:B ratio; (3) a 'diet' factor, which explained 17.2% 
of the variation, with positive loadings of available CHO, energy 
and TDF. Among the many variables that were tested in the model 
but had to be excluded were Bacteroidetes, which exhibited a 
complex structure with a positive loading on gut microbiota and 
negative loading on SCFA component. Age, BMI, E. coli and 
bifidobacteria counts had low communalities and so were 
excluded. 



DISCUSSION 

The present study was more comprehensive than previous studies 
in that it compared dietary intakes, microbial profiles, faecal SCFA 
concentrations and physical activity levels in LN and OWOB 
participants. The significantly higher SCFA concentrations in 
OWOB participants when compared with LN suggest that colonic 
fermentation differs between the groups. An inverse association 
was also observed between Bacteroidetes counts and BMI, 
significant positive associations were observed between F:B ratio 
and SCFA concentrations and negative associations between 
Bacteroidetes counts and SCFA concentrations. These results show 
that F:B ratio and faecal SCFA concentrations are interrelated and 
may be linked to adiposity. 

The Firmicutes and Bacteroidetes are the two most predomi- 
nant phyla in the human colon and together comprise >90% 29 of 
the total gut microbiota. An inverse association was observed in 
the entire cohort between BMI and the number of Bacteroidetes 
suggesting that host adiposity and gut microbiota may be 
associated. However, the log F:B ratio in LN and OWOB 
participants did not differ as has been previously reported. 17 
Other studies have either found a lower proportion of 
Bacteroidetes and no significant difference in Firmicutes, a lower 
F:B ratio in obese compared with lean or no change in F:B ratio in 
lean and obese participants. 1 8 ~ 20 ' 30 it has been suggested that a 
higher F:B ratio may be associated with an increased energy 
harvest from colonic fermentation and increased production of 
SCFA as has been seen in animal studies. 16 In humans, weight loss 
in obese participants resulted in a decrease in the F:B ratio from 
the obese to the lean pattern. 17 Jumpertz ef a/. 31 observed in lean 
individuals a 20% increase in Firmicutes, and that a corresponding 
decrease in Bacteroidetes was associated with an increased 
energy harvest of ~150kcal. However, from studies done so far 
in humans, no consensus has emerged and it is unclear if F:B ratio 
differs in lean and obese humans. The reasons for the 
contradictions in study results vary and may be related to low 
sample size, different methodologies (qPCR vs 16S rRNA gene- 
based sequencing vs denaturing gradient gel electrophoresis), 
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Figure 2. Relationship between Bacteroidetes and acetate, propionate, butyrate and TSCFA (a); Log F:B ratio and acetate, propionate and 
butyrate and TSCFA (b) in the entire cohort. Filled circles (•) represent the LN participants and open circles (O) represent the OWOB 
participants. The slopes of the lines for the LN and OWOB groups were not significantly different so only the regression line for all the data is 
shown. 



study populations and unaccounted for confounding factors, for 
example, diet. In this study, a significant difference in F:B ratio was 
not observed between the groups, but BMI was associated with 
Bacteroidetes. This may occur because a continuum or gradient of 
species functionality exists in humans rather than a discontinuous 
variation with segregated types of gut bacteria. 32 If the two major 
phyla exhibit a continuous gradient, F:B ratios will overlap 
between the LN and OWOB groups and this may mask 



differences between groups. A more accurate indicator of 
colonic fermentation differences may be to study SCFA 
metabolism in LN and OWOB participants. 

Animal studies have shown that gut microbiota composition 
and concentrations of SCFA differ in lean and obese animals. 15-16 
In this study, in adult humans, the OWOB group had significantly 
higher faecal acetate, propionate, butyrate, valerate and TSCFA 
concentrations compared with the LN group, a finding that has 
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Table 3. Daily dietary macronutrient intakes in LN and OWOB 
participants 3 





LN (n = 5i) 


OWOB (n = 42) 


P-value 


Energy, kcal 


2035 ± 80 


2063 ±101 


0.83 


Av CHO, g per day 


234 ± 1 1 


225 ±13 


0.61 


% energy 


47.3 ± 1 .2 


45.0 ± 1 .4 


0.23 


Protein, g per day 


84 ± 4 


87 ± 5 


0.67 


% energy 


17± 1 


18 ± 1 


0.57 


Total fat, g per day 


76 ± 4 


82 ± 6 


0.42 


% energy 


34 ± 1 


36 ± 1 


0.34 


Cholesterol, mg per day 


261 ± 21 


290 ± 23 


0.36 


mg per 1 000 kcal 


1 29 ± 9 


139 ± 9 


0.47 


SFA, g per day 


23.9 ± 1.5 


26.9 ± 2.1 


0.26 


g per 1 000 kcal 


1 1 .6 ± 0.5 


1 2.6 ± 0.7 


0.26 


Trans, g per day 


0.76 ±0.1 2 


0.76 ±0.1 5 


0.99 


MUFA, g per day 


23.1 ±1.5 


24.9 ± 1 .9 


0.46 


g per 1000 kcal 


1 1 .3 ± 0.6 


12.0 ±0.7 


0.41 


PUFA, g per day 


10.8 ±0.8 


1 2.3 ± 1.2 


0.30 


g per 1000 kcal 


5.2 ± 0.3 


6.0 ± 0.5 


0.20 


P/S 


0.50 ± 0.04 


0.56 ± 0.06 


0.42 


Alcohol, g per day 


2.9 ± 1.1 


3.9 ± 1 .3 


0.58 


g per 1000 kcal 


1.4 ±0.6 


1 .7 ± 0.5 


0.74 


TDF, g per day 


21 ± 1 


20+1 


0.61 


g per 1000 kcal 


11 ±1 


10+1 


0.44 



Abbreviations: Av CHO, available carbohydrate; LN, lean; MUFA, mono- 
unsaturated fatty acids; OWOB, overweight/obese; PUFA, polyunsaturated 
fatty acids; P/S, PUFA/SFA ratio; SFA, saturated fatty acids; TDF, total dietary 
fibre. "Values are means + s.e.m. 



Table 4. Results of principal component analysis of faecal microbial 
composition, short chain fatty acids and dietary intake variables in all 
participants 3 

Factors 





Gut 
Microbiota 


SCFA-F:B 
ratio 


Diet 


Firmicutes 


0.972 a 


0.059 


- 0.088 


Sum of quantified bacteria 13 


0.940 a 


0.029 


-0.153 


C. leptum 


0.883 a 


- 0.074 


0.035 


All bacteria 


0.879 a 


-0.149 


0.004 


C. coccoides 


0.805 a 


0.135 


- 0.221 


TSCFA 


0.015 


0.981 a 


0.053 


Acetate 


- 0.007 


0.894 a 


0.071 


Butyrate 


0.125 


0.880 a 


0.052 


Propionate 


-0.107 


0.81 3 a 


0.036 


F:B ratio 


-0.021 


0.523 a 


-0.155 


Available CHO 


- 0.085 


0.106 


0.908 a 


Energy 


-0.108 


0.123 


0.893 a 


TDF 


- 0.083 


- 0.200 


0.709 a 


% Total variance 


31.4 


27.6 


17.2 


% Cumulative total variance 


31.4 


59.0 


76.2 



Abbreviations: CHO, carbohydrate; SCFA, short chain fatty acids; TDF, total 
dietary fibre; TSCFA, total short chain fatty acids indicates loadings > 0.40. 
b Sum of C. coccoides, C. leptum, Bacteroidetes, Bifidobacterium and £ coli. 



been reported earlier in simi lar studies. 18 ' 21 Higher faecal SCFA 
concentrations could result from increased SCFA production 
and/or decreased SCFA absorption in the OWOB group or the 
obese microbiome may be associated with fewer microbial 
species that utilize SCFA as an energy source. Production of 
SCFA in humans is regulated by a number of host, environmental, 
dietary and microbial factors. 33 The main factors that control SCFA 
production are interrelated and include type and amount of 
available substrate, composition of the gut microbiota and gut 



transit time. 8,34 In this study, dietary intakes in lean and obese 
participants were not significantly different and the groups did 
not have significantly different gut microbiota composition; transit 
times were not measured. The increased SCFA concentrations in 
the OWOB group were not explained by an increased efficiency of 
the fermentation process caused by the presence of Archaea 
because no significant difference in proportion of individuals who 
were Archaea positive was observed and the OWOB group had 
significantly lower concentrations of breath methane. In addition 
to the aforementioned factors, several other factors may indirectly 
affect gut microbiota composition and SCFA production including 
ageing, neuroendocrine system activity, stress and the gut 
environment. 33,35 The OWOB participants in this study were 
older and ageing could affect gut microbiota via the many effects 
associated with it, for example, its effect on colonic transit times, 
but, considering the mean age for the OWOB group was below 40 
years, any effect of age on faecal SCFA concentrations in this 
group was minimal. 

Alternatively, the higher faecal SCFA concentrations in the 
OWOB group may be due to decreased colonic absorption of 
SCFA. Absorption of SCFA from the colon is very efficient with less 
than 5% being excreted in faeces. Many studies measure faecal 
concentrations of SCFA as a surrogate to determine SCFA 
production but faecal SCFA concentrations reflects a balance 
between colonic production and absorption of SCFA. Previous 
work in healthy participants has shown that faecal SCFA 
concentrations may reflect SCFA absorption rather than its 
production. 36 However, preliminary studies by our group have 
found no differences in SCFA absorption between lean and obese 
participants. 37 Future studies need to look at an in vitro production 
of SCFA in LN and OWOB participants; specifically, how 
unabsorbable carbohydrate and gut microbiota from individuals 
with different F:B ratios influences SCFA production patterns in 
these groups. 

It is unclear if the higher faecal SCFA concentrations in the 
OWOB group resulted from differences in F:B ratios because the 
groups had similar F:B ratios; nevertheless, our results show that in 
humans, F:B ratio and faecal SCFA are positively associated. The 
results of the PCA also show that F:B ratio and faecal SCFA are 
associated. The PCA identified distinct gut microbiota and SCFA- 
F:B ratio components which together account for 59% of the 
variation. Interestingly, F:B ratio loaded with the individual and 
total SCFA and not with the gut microbiota suggesting that SCFA 
and F:B ratio vary together and may be interrelated. Taken 
together, the results show that colonic fermentation may be 
altered by the presence of an obese microbiome leading to 
increased SCFA production. This is not consistent with the current 
knowledge that high fibre diets, which would also increase SCFA 
production, reduce risk for obesity. More studies are needed to 
determine the metabolic fate of the SCFA produced and to see 
whether the kinetics of SCFA production and metabolism differ in 
lean and obese humans. 

Dietary intake is a key factor in the pathophysiology of obesity, 
and habitual dietary intakes also have a role in determining gut 
microbiota composition 3 _42 No significant differences in dietary 
intakes between the two groups in this study were observed. 
Interestingly, TDF intakes were similar in the two groups even 
though the OWOB group had significantly higher faecal SCFA 
concentrations and this may imply that colonic fermentation in 
the obese microbiome is more efficient. It is also possible that 
there might have been some under reporting of dietary intakes in 
the OWOB group. Faecal SCFA were inversely related to the intake 
of TDF per lOOOkcals in LN but not in OWOB participants, which 
may suggest that the lean microbiome may ferment dietary fibre 
differently from the obese microbiome. The inverse association 
may also suggest that LN participants may absorb more SCFA or 
that there might be bacteria associated with the lean microbiome 
that may breakdown SCFA in order to utilize it as an energy 
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source. Negative correlations were also observed between PUFA 
intakes and various microbial phyla. Most of the genes present 
in the gut microbiome do not generally engage in fatty acid 
breakdown. 43 However, studies have shown that PUFA 
significantly alters colonic fermentation. 44-45 In vitro studies have 
shown a modulatory effect of PUFA concentrations on the growth 
and adhesion of different Lactobacillus strains. 46 In rats, a decrease 
in the number of Bacteroides fragilis species and total anaerobes in 
the caecum was observed after fish oil consumption, which is rich 
in long chain n-3 PUFA. 47 Dietary fatty acids may alter the fatty 
acid composition of the intestinal wall and modify the attachment 
site to promote or inhibit microbial colonization. 

In conclusion, this human study shows that differences in 
colonic fermentation exist between LN and OWOB participants 
and that adiposity may be linked to gut microbiota and faecal 
SCFA concentrations in healthy humans. But, more studies need to 
be done in order to understand how this may affect energy 
homeostasis and the development of obesity. Measuring faecal 
SCFA concentrations to understand the role SCFA metabolism has 
in obesity is limited and future work needs to study SCFA kinetics 
in lean and obese humans. 
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